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Précis: The impact of lookalike drug names in proximity to a target drug, TALL MAN lettering and time pressure on perception of drug names within a defined visual field was examined.  The results indicate that proximity and time pressure have a negative effect on measures of accuracy and reaction time for both pharmacist and non-pharmacist participants.  
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Abstract
Objective: To assess the effect of proximity and time pressure on accurate and effective visual search during medication selection from a computer screen.  
Background: The presence of multiple similar objects in proximity to a target object increases the difficulty of a visual search.  Visual similarity between drug names can also lead to selection error.  The proximity of several similarly named drugs within a visual field could, therefore, adversely impact visual search.  
Method: In Study 1, 60 non-pharmacy participants selected a target drug name from an array of mock drug packets shown on a computer screen, where one or four similarly named non-targets might be present.  Thirty participants completed the task under a time constraint, the remainder did not.  In Study 2 the same experiment was repeated with 28 pharmacy staff. 
Results: In Study 1, the proximity of multiple similarly named non-targets within the specified visual field reduced selection accuracy and increased reaction times in the non-pharmacists.  Time constraint also had an adverse effect.  In Study 2 the pharmacy participants showed increased reaction times when multiple non-targets were present but the time constraint had no effect.  There was no effect of TALL MAN lettering.
Conclusion: The presence of multiple similarly named medications in close proximity to a target medication increases the difficulty of the visual search for the target.  TALL MAN lettering has no impact on this adverse effect.
Application: The wide spread use of the alphabetical system in medication storage increases the risk of proximity based errors in drug selection.


Introduction
Medication error is defined as ‘a failure in the treatment process that leads to, or has the potential to lead to, harm to the patient’ (Aronson, 2009).  Patient harm related to drug error is associated with substantial financial costs due to: prolonged treatment, hospital readmission and legal claims (Williams, 2007).  One area that has been the focus of much research is the provision of the incorrect drug to a patient due to confusion between orthographically or phonologically similar drug names (Lambert, Chang & Lin, 2001; Davis, 1997) or similar drug packaging (Hellier, 2006).  This type of error is potentially catastrophic since it may result in a patient’s treatment plan being disrupted or patient harm.  Such errors are usually reported by healthcare staff (pharmacists; Ashcroft, Quinlan & Blenkinsopp, 2005, anaesthetists; Orser, Chen & Yee, 2001), but patients are equally susceptible to confusing similarly named and packaged products when purchasing medication, recalling the name of their prescribed drugs or adhering to medication schedules in the home (Lambert, Chang & Lin, 2001; Akici, Kalaca, Ugurlu, Toklu & Iskender, 2004; Brass & Weintrub, 2003). 
Orthographic similarity, neighbourhood density and proximity
Orthographic similarity denotes words, or in the current case, drug names, that appear visually similar when written.  Most drugs have three names; chemical, generic and brand (Gunderson, 1998).  The process of naming a drug is subject to market and trade considerations related to branding (Kenagy & Stein, 2001) which can result in the development of orthographically similar drug names with very different chemical properties (Kenagy & Stein, 2001) and clinical indications.  Similarity between two drug names has been shown to adversely affect accurate drug name recognition in computer based memory tasks (Lambert, Chang & Lin, 2001; Filik, Purdy, Gale & Gerrett, 2004; Filik, Purdy, Gale & Gerrett, 2006) and prospective incident studies (Ashcroft, Quinlan, Blenkinsopp, 2005). 
A word’s ‘neighbourhood’ is commonly defined as the number of words that are the same length and differ by only one letter from a target word (Lambert, Chang & Gupta, 2003).  Density denotes the number of words within that neighbourhood.  High neighbourhood density has been shown to adversely impact pharmacists’ ability to recognise blurred drug names (Lambert, Chang & Gupta, 2003).  This effect was mediated by frequency, with drugs that were dispensed frequently recognised with greater accuracy than drugs that were dispensed rarely (Lambert et al. 2003).  
A potential extrapolation of this research is the question of neighbourhood density effects during simultaneous presentation of multiple medication products, such as upon a pharmacy shelf, computer screen or medicine cart.  An examination of error rates based on the proximity of drug specifications on stock lists (and therefore, it can be assumed, the proximity of such specifications on the pharmacy shelves), found that almost half (45%) of wrongly dispensed drugs were in close proximity to the prescribed drug on a computer stock list (Anto, Barlow, Oborne & Whittlesea, 2011).   The authors suggest that the majority of errors previously linked to the single factor of orthographic similarity are in all likelihood due to a combination of orthographic and proximity error.  It has also been reported that hospital computer systems often list all similarly spelled drug names when a pharmacist or prescriber searches for a particular drug product (Cohen & Smetzer, 2009), potentially increasing the risk of proximity related error.  Finally, proximity of similar products on a pharmacy shelf was recently reported as a contributing factor in medication error by the Food and Drug Administration (FDA) (Kalvaitis, 2011).  
Visual search and TALL MAN lettering
Linked to the idea of proximity error in drug selection, is the accuracy with which healthcare personnel can engage in a successful visual search resulting in the identification of a required drug (target) within a certain location, such as a pharmacy shelf, on a computer screen or from a ward medicine cart.  A visual search of an area typically involves the perceptual encoding of a relatively large area, followed by fast eye movements, known as saccades, to direct the focus of attention toward potential target locations, or fixation points (Najemnik & Geisler, 2005; Wolfe 1994). Cognitive theories of visual search report that increasing the similarity of non-targets to a target object, along with concurrent increases in similarity between non-targets within a visual field, significantly increase the level of search difficulty (Duncan & Humphreys, 1989; Farmer & Taylor, 1980; Treisman, 1982).  
Real world search tasks, such as looking for a target drug packet on a pharmacy shelf, are context driven (Neider & Zelinsky, 2006).  Thus, a pharmacist approaching a pharmacy shelf will confine their search for a target drug to a specific area, defined by past experience and their knowledge of the pharmacy layout.  However, within that defined search area increasing similarity between a target drug pack and surrounding drug packs (name, packaging appearance), together with the proximity of multiple similar non-target drug packs, is likely to have an impact on the difficulty of the visual search.  Under these conditions visual search is improved through the cognitive enhancement of relevant stimulus properties (e.g. the initial letter in the target drug name) and the suppression of features not associated with the target; so-called feature-based attention (Maunsell & Treue, 2006).  
Linked to the idea of feature-based processing is the ergonomic design of drug packaging and labelling to improve the accurate perception of drug names (Hellier, 2006).  Previous research has tended to focus on the use of colour (Hellier, Tucker, Kenny, Rowntree & Edworthy, 2010; Filik et al, 2006) and textual enhancements such as TALL MAN lettering (Filik et al, 2004; Darker, Gerrett, Filik, Purdy & Gale, 2011; Schell, 2009; Gabrielle, 2006) to improve perception of drug names.  When a drug name is printed in lowercase lettering TALL MAN lettering is typically used to highlight the differences between orthographically similar names by emphasising the dissimilar areas (e.g. AmILORide and AmiSULPride, Darker et al, 2011; Schell, 2009).  By highlighting the area where the drug names differ the perceiver’s attention is drawn to the relevant section of the drug name, increasing the perceptual salience of that area (Schell, 2009; Maunsell & Treue, 2006).  Moreover, according to the bottom-up approach to word perception, (McClelland & Rumelhart, 1981) where words are perceived on a letter by letter basis, the use of capital letters provides an additional aspect of information (case) that should increase the accuracy of word perception (McClelland & Rummelheart, 1981; Schell, 2009).  Finally, research suggests that capital letters are more legible than lowercase letters or words (Sheedy, Subbaram, Zimmerman & Hayes, 2005); it is thought that the size and width of capital letters makes them easier to perceive.  On this basis TALL MAN lettering has been recommended by the FDA (2001) as a method for reducing errors with reference to a list of commonly confused drug products in the USA.  
Previous research has shown a positive effect of TALL MAN lettering on perception of drug names during a visual search task (Filik et al. 2004) and a memory task (Filik, et al. 2006) with lay people and the Reicher-Wheeler task with healthcare professionals (Darker et al, 2011).  Qualitative research also indicates that TALL MAN lettering is viewed positively as a method for distinguishing similar drug names by nurses (Gabrielle, 2006).   However, research using a recognition task with both lay people and healthcare professionals found no effect of TALL MAN lettering on accurate recognition of target drug names (Schell, 2009).  Furthermore, to date TALL MAN lettering has been examined in relation to drug name pairs, ignoring the potential influence of the presence of multiple similar drug names in the vicinity of a target on the efficacy of textual enhancement as an error reducing strategy. 
Time pressure
Modern theories of the underlying causes of adverse events in healthcare indicate that typically a series of latent and error producing conditions combine to produce errors (Reason, 2001).  The dispensing process is subject to a variety of potentially error producing conditions (Vincent, 2003), including, high workload, noise and a lack of experienced staff (Flynn, Barker, Gibson, Pearson, Smith et al. 1996; Flynn, Barker, Gibson, Pearson, Berger et al.1999).  
A typical manipulation for an error producing condition, in terms of laboratory studies, is workload, often measured through the application of a time constraint (Schell & Grascha, 2000; Reilly, Grasha & Schafer, 2002).  Time pressure is manipulated by requiring participants to complete a task within a defined time period, with negative consequences for non-completion (Pontibriand, Allender & Doyle, 2008).  This use of a time constraint has been shown to have an adverse impact on cognitive task performance (Slobounov, Fukada, Simon, Rearick & Ray, 2000; Rastegary & Landy, 1993).  Research in the perception of packaging also indicates that time pressure is associated with an acceleration in visual scanning of consumer packaging (Pieters & Warlop, 1999).  In healthcare high workload has been linked to declines in pharmacist checking accuracy (Reilly et al. 2002).  Increasing time pressure has also been shown, with nurses, to be associated with a decrease in visual fixations on a task and checking procedures (Kataoka, Sasaki & Kanda, 2011).
Study aims
The current study aimed to examine the effect of proximity, TALL MAN lettering and time pressure on the perception of drug names in a visual search task. The main aim was to determine the relative influence of the close proximity of a singular or multiple similarly named distractors on the time taken to search, and ultimately select a target drug accurately from, a defined visual field.  
A visual search paradigm similar to that used by Filik and colleagues (2004) was employed.  The perceptual display used was analogous to the scenario in which a healthcare professional will search for a specific drug within a defined search area, such as a pharmacy shelf, hospital computer screen or ward medicine cart. A computer controlled the conditions under which the task was taken and monitored behaviour over multiple matched trials.  A priori, the expectation was that the presence of multiple similarly named and packaged drugs would have an adverse effect on the difficulty of visual search for a target, with measurable associated detriments in accuracy and reaction time.
Since drug name similarity can potentially affect patients and healthcare staff it was decided that both lay people and healthcare professionals would be recruited to take part in this study.  Previous research indicates that visual search techniques do not vary between novice and expert viewers (Abernethy & Russell, 1987), with fixation duration and location similar across both groups.  Moreover, while it is likely that the majority of the drug names used would be unfamiliar to the lay-participants, the basis of the task i.e. visual search, word perception and recall, meant that medical expertise was not required to complete the task successfully.  
However, although both groups of participants in the present study were expected to complete the task successfully, it was uncertain as to whether the healthcare professionals might out-perform the lay-participant group.  Past research indicates that phonological and orthographical similarity of drug names have an effect on both novice and expert participants (Lambert et al., 2001), yet the perception of drug names by experts is likely to be mediated by their experience, as indicated by the impact of frequency on the perception of blurred drug names (Lambert et al., 2003).  By recruiting both expert and novice participants it was possible within the current study to examine the potential impact of proximity, TALL MAN lettering and time constraint on the perception of drug names by both lay people and healthcare professionals.
Study 1: The influence of close proximity of multiple similarly named medication packets and time pressure on target selection accuracy and reaction time in novice (non-pharmacist) participants.
Design
The purpose of this study was to explore the potential effect of multiple similarly named products in proximity to a target drug product on accurate target selection.  The number of similar non-targets present within a defined perceptual array was either one or four non-targets.  The number of similar distracters in proximity to the target was expected to have a direct bearing on task performance, with four non-targets associated with decreased accuracy and increased reaction times.  The use of TALL MAN lettering was included to determine the effectiveness of textual enhancements where more than one similar non-target was present.  Finally, the between groups factor was time constraint, with a time limit of 12 minutes applied to half of the participants.  The time limit of 12 minutes was selected as during the pilot stage of the study this was the fastest time recorded for completion of the task, with the majority of participants completing the task in 15 minutes or more.   
Participants
A total of 60 non-pharmacist participants were recruited, (49 female, 11 male) aged between 18 and 45 years (mean age: 22).  All of the participants were students or staff members from the University of Aberdeen.  Students participated for course credit, staff members did not receive any compensation for their time.  Half of the participants (30) completed the study with no time constraint (Group 1).  The remainder (30) attempted to complete the study within 12 minutes (Group 2).  All participants were randomly allocated to each group.  
Stimuli
Target drug names (n = 50) were selected from the National Pharmacy Association published list of confusable drug names (NPA, 2006).  These were combined with orthographically similar drug names to form 50 orthographically similar drug name pairs and 50 sets of five orthographically similar drug names.  Similarity was confirmed using the bigram method, with one space inserted at the beginning and end of each word (Lambert, Chang & Lin, 2001).  This method essentially compares words on the number of matching letter pairs found within each word using the Dice coefficient (2C/(B + A), where A = the number of bigrams in the first word, B = the number of bigrams in the second and C =  the number of bigrams in both) is then used to compute a similarity score of between 1 and 0.  Similarity levels for the drug names selected for use here varied between 0.1 and 0.9, with 0.9 representing the highest level of similarity (Appendix 1).  
Similar to the methodology described by Filik and colleagues (2004), images of identical 3D boxes, designed to present some of the information commonly found on drug packs, were constructed to display on a computer screen.  Each box featured the name of the drug (in 12pt arial font) in lowercase or featuring TALL MAN lettering depending on the condition, an appropriate dosage level (with the caveat that the dosage level for the target matched that of the non-targets) and a red and yellow coloured strip across the centre (Figure 1).  


Figure 1: Example of perceptual array where the target is ‘Amiloride’ and the four non-targets are ‘Amiodarone’, ‘Amisulpride’, ‘Amlodipine’ and ‘Amitriptyline’.
Each participant completed 100 trials, with each trial featuring a perceptual array which consisted of 20 3D boxes, arranged as four rows, each row featuring five packs.  Presentation of the trials was randomised across participants.  The trials were split into two groups.  Fifty trials (condition A) each featured one target, four non-targets which were orthographically similar to the target and 15 non-targets which had been screened to ensure they were dissimilar to the target using the bigram method (a similarity level of 0.1 or below was considered acceptable for inclusion in the array).  The remaining 50 trials (condition B) each featured one target, one orthographically similar non-target, and 18 dissimilar non-targets.  The sets were balanced by ensuring that the similarity levels recorded for the target drug names and their similar counterparts were equally spread between the two sets (Appendix 1).  Presentation of the drug names and position of the target within the array was randomised between trials and across participants. 
Finally, each set featured one final variable – alteration of the typeface using TALL MAN lettering.  In each set, half of the trials (25) featured 20 drug packs all with lower-case text used for presentation of the medication names.  The remaining 25 trials featured TALL MAN lettering as a textual enhancement of drug names, where the dis-similar section of the names was highlighted, for example; AmOXIcillin versus AmPICillin.  
Procedure
Participants were seated within a quiet room, directly in-front of a Toshiba Satellite Pro widescreen (15.6”) laptop.  They were instructed that they would be presented with a series of target drug names, with each trial featuring a different drug name as a target.  Their task was to view the target drug name, presented as text in the centre of the screen, memorise it and then locate it within the perceptual array.  For each trial, they were instructed to use the mouse to click on a box beneath the target drug name which stated ‘proceed to the drug cabinet’.  They then viewed a fixation point for 1.5 seconds, before being presented with the perceptual array.  When they located the target within the perceptual array they clicked on the box containing the target and then proceeded to the next trial.  
Group 2 were given additional instructions relating to time constraint.  A digital clock was visible at the top of the laptop screen.  The clock counted down from 12 minutes, flashing red when 30 seconds remained and becoming enclosed in a flashing red box when the participant exceeded the allotted time frame.  Participants were instructed to attempt to complete the task within 12 minutes, but if they exceeded the allotted time they were instructed to continue to completion.  This ensured that data from 100 trials was collected for every participant.
Participants were allocated to each condition randomly.  
Analysis framework
Analysis to determine the effect of the number of similar non-targets, TALL MAN lettering and time pressure upon performance was conducted using measures of reaction time and accuracy.  Accuracy represents the number of drug names correctly identified within each set (condition A, 4 non-targets, or B, 1 non-target present in array) of 50 trials.  Reaction times were recorded in seconds (s) for the time taken for each participant to select and click on their chosen mock drug packet from the visual array, with mean reaction times calculated for each condition (50 trials).  Within each set of 50 trials, 25 trials featured TALL MAN lettering.  
Analysis was conducted using both multivariate (MANOVA) and univariate (repeated measures ANOVA).  An initial MANOVA examined both accuracy and reaction time as dependent variables, time pressure as the between subjects variable and number of non-targets and TALL MAN lettering as within subjects variables.  This was followed by univariate analysis using two three factor mixed factorial ANOVA’s with time pressure as the between subjects factor and number of similar non-targets and TALL MAN lettering as the within subjects factors, for each of the two dependent variables (reaction time and accuracy).  Partial eta squared (p2) was calculated to measure effect size (.01, .06 and .14 indicating small, medium and large effect sizes respectively, Filik et al, 2006).  
The results of this experiment are presented using α = 0.05 for significance. 
Results   
Preliminary analysis suggested that the number of similar non-targets present in the array, together with time pressure, had an impact on both accuracy and reaction times (Table 1).  

	Group	TALL MAN lettering 	Lowercase lettering	4 similar non-targets	1 similar non-target
Non-pharmacist participants(Study 1)					
Accuracy(number of items correctly selected)	No time pressure	49.3 (1.1)	49.5 (0.9)	49.1 (1.6)	49.7 (0.6)
	Time pressure	48.0 (2.4)	48.1 (2.7)	47.4 (3.8)	48.8 (1.3)
	Both groups combined 	48.7 (1.9)	48.8 (2.1)	48.2 (3.1)	49.2 (1.1)
Reaction time(seconds)	No time pressure	9.4(1.7)	9.1(1.8)	9.7(1.8)	8.8(1.6)
	Time pressure	8.6(1.7)	8.6(1.4)	8.9(1.8)	8.2(1.2)
	Both groups combined	8.9(1.7)	8.9(1.6)	9.3(1.9)	8.5(1.5)
Pharmacist participants(Study 2)					
Accuracy(number of items correctly selected)	No time pressure	49.7 (0.6)	49.6 (0.9)	49.6 (0.9)	49.7 (0.6)
	Time pressure	49.6 (0.5)	49.3 (0.8)	49.2 (0.9)	49.7 (0.5)
	Both groups combined	49.7 (0.6)	49.4 (0.9)	49.4 (0.9)	49.7 (0.5)
Reaction time(seconds)	No time pressure	10.2(3.3)	9.8(2.9)	10.3(3.1)	9.7(3)
	Time pressure	8.7(1.7)	8.4(1.8)	8.7(1.7)	8.4(1.7)
	Both groups combined	9.4(2.6)	9.1(2.5)	9.5(2.6)	9(2.5)
Table 1: Mean accuracy (number of items correctly selected) and reaction times (s) (shown with standard deviations) according to the presence or absence of TALL MAN lettering, the number of similar non-targets shown in the array and group allocation (time pressure) for both non-pharmacist (Experiment 1) and pharmacist (Experiment 2) participants.
A repeated measures MANOVA revealed a significant multivariate effect for time pressure (F(2, 57) = 7.31, p = 0.001, p2 = 0.20) and number of non-targets (F(2, 57) = 16.51, p = 0.001, p2 = 0.37).  There was no multivariate effect for TALL MAN lettering (p = 0.48), nor were there any significant interactions between the factors (p > 0.05).  Given the significant multivariate result, univariate analysis was then conducted.   
A repeated measures ANOVA revealed a significant univariate effect for the impact of number of non-targets on participant reaction time, with participants significantly slower at making their selection when multiple similar non-targets were present (M: 8.9s) than when a single similar non-target was present (M: 8.2s)  (F(1, 58) = 26.6, p = 0.001, p2 = 0.31).  However, the mean reaction times did not differ according to time pressure (p = 0.1) or TALL MAN lettering (p = 0.5). There were no significant interactions (p > 0.05).
The second univariate ANOVA analysis considered the impact of time pressure, number of non-targets and TALL MAN lettering on accuracy.  The results indicate that the number of non-targets present in the perceptual array had a significant effect upon accuracy, with participants significantly less accurate when multiple similar non-targets were present (M: 48.2) rather than a single similar non-target (M: 49.2) (F(1, 58) = 11.97, p = 0.001, p2 = 0.17).  
Time pressure was also found to have an effect, with participants in the time pressure condition (M: 48.1) significantly less accurate than participants who completed the task with no time pressure (M: 49.4) (F(1, 58) = 7.24, p = 0.09, p2 = 0.11).  There was no effect of TALL MAN lettering (p = 0.4).  There were no significant interactions between factors (p > 0.05).
The total number of errors reported was 128 across all 60 participants (2.1% overall error rate).  These errors were spread across multiple participants, with no single participant responsible for more than six errors. Of these events 78% (n = 100) involved similar drug names and 22% (n = 28) involved non-similar drug names, i.e. where a non-similar non-target was selected in error.  Where a non-similar drug name was selected, the majority (80%, n = 22) were selected within the time pressure condition.  This indicates that the majority of the selection errors reported here involved the selection of a similar non-target.
Within the time pressure condition, the results indicate that 83% (n = 25) of the participants in that condition exceeded the time limit of 12 minutes.  The majority (72%, n = 18) completed the task within 15 minutes, the remainder took between 16 and 22 minutes to complete.   
Discussion
The current findings indicate that the presence of four non-targets in a defined visual field had an adverse effect on drug selection accuracy in non-pharmacist participants.  The results also indicate an adverse impact of the proximity of four similar non-targets on reaction time, which serves as an indication of speed of processing (Jensen, 2006).   This indicates that, as expected, processing efficiency, or the level of effort required to engage in a timely and successful visual search of a specified perceptual field, was greater when the number of similar non-targets within that field was increased.  These findings concur with previous research indicating the adverse effect of orthographic similarity (Filik et al, 2004) and proximity (Anto et al, 2011) on selection error.  The adverse impact of time pressure on accuracy indicates that working under a time limit increased the likelihood of participant error.  Finally, TALL MAN lettering had no effect on error rate or reaction time, indicating that TALL MAN lettering as a form of textual enhancement was insufficient to reduce the difficulty of a visual search in the current experiment when more than one similar distractor was present.  
Study 2: The influence of close proximity of multiple similarly named medication packets and time pressure on target selection accuracy and reaction time in pharmacists.
Design
The aim of this study was to replicate the methods of Study 1 with healthcare professionals (pharmacists and pharmacy technicians) to assess the impact of proximity, TALL MAN lettering and time pressure on accurate selection of drug names in those professionals.
Participants
A total of 26 pharmacists and two pharmacy technicians (26 female, 2 male) aged between 25 and 46 years (mean age: 30) were recruited.  All participants were recruited from community pharmacies across a single Scottish health board using an e-mail recruitment letter, with a prize draw offered as an incentive for participation.  Letters were sent to 120 participants, with 28 recruited (23% recruitment rate).  From those participants, 14 were asked to complete the study with no time constraint (Group 1) while the remainder (14) were asked to complete the study within 12 minutes (Group 2).  
Stimuli
The stimuli used in Study 2 were exactly as described for Study 1.  
Procedure
The same procedure was used as for Study 1.  However, the location in which the experiment was conducted differed, as in each case the researcher travelled to the pharmacy location of each participant and conducted the experiment in a quiet location on the premises.
Analysis framework
An initial MANOVA examined both accuracy and reaction time as dependent variables, time pressure as the between subjects variable and number of non-targets and TALL MAN lettering as within subjects variables.  
This was followed by a three factor mixed factorial univariate ANOVA with reaction time as the dependent variable, time pressure as the between subjects factor and number of similar non-targets and TALL MAN lettering as the within subjects factors (see Filik et al, 2004; 2006 for a similar analysis).  
Accuracy was evaluated by comparing the number of drug names correctly selected across 50 trials in each of the conditions using a second mixed factor univariate ANOVA with time pressure as the between subjects factor and number of similar non-targets and TALL MAN lettering as the within subjects factors.  
The results of this experiment are presented using α = 0.05 for significance. 
Results
A repeated measures MANOVA revealed a significant multivariate effect for number of non-targets (F(2, 25) = 4.82, p = 0.02, p2 = 0.28) and TALL MAN lettering (F(2, 25) = 3.62, p = 0.04, p2 = 0.23).  There was no multivariate effect for time pressure (p = 0.27), nor were there any significant interactions between the factors (p > 0.05).  
A repeated measures ANOVA found a significant univariate effect for the impact of number of non-targets on reaction time, with participants slower to select the target when four similar non-targets were present (M = 9.5s) as opposed to only one similar non-target present (M = 9s) (F(1, 26) = 6.19, p = 0.02, p2 = 0.19).  TALL MAN lettering did not exert a significant effect (p = 0.07).  Time pressure also had no effect on the results (p = 0.1). There was no significant interaction between the factors (p > 0.05).  
In terms of accuracy, a repeated measures ANOVA found a significant univariate effect for number of non-targets with the mean level of accuracy shown when four similar non-targets were present (M = 49.4) being significantly lower than the level of accuracy achieved when only a single similar non-target was present (M = 49.7) (F(1, 26) = 4.37, p = 0.05, p2 = 0.14). TALL MAN lettering had no effect (p = 0.1).  There was also no effect of time pressure (p = 0.5) and no significant interaction between the factors (p > 0.05). 
In total, 25 errors were recorded for the 28 pharmacist participants (0.9% overall error rate).  These errors were spread across multiple participants with no single participant responsible for more than four errors.  The majority of the errors reported (84%, n = 21) involved the inaccurate selection of a similar non-target from within the array.  In four cases (16%), non-similar non-targets were selected, two were selected within the time pressure condition, the remaining two were not.  This indicates that the majority of errors for this task resulted from confusion of two similarly named drugs rather than random error involving non-similar distractors.
Within the time pressure condition the results indicate that 50% (n = 14) of the participants in that condition exceeded the time limit of 12 minutes.  The majority (57%, n = 8) completed the task within 14 minutes, the remainder took between 16 and 20 minutes to complete.   
Discussion
The pharmacists showed a similar pattern of performance to the non-pharmacist participants with four similar non-targets within the perceptual array associated with an increase in reaction times and a decrease in accuracy.  This finding provides validation that multiple similarly named drug packs in proximity to a target drug pack increases the difficulty of a visual search.  The lack of an effect of time pressure on the results indicates that working under a time constraint did not impact the selection of drug names from the computer screen by the pharmacy participants.  Finally, multivariate analysis indicated a significant impact of TALL MAN lettering on the results, however separate univariate ANOVAs on the dependent variables indicated non-significant effects on reaction time and accuracy. Overall this indicates that TALL MAN lettering as a form of textual enhancement can impact perception of drug names in pharmacist participants, but not simply in terms of measured reaction times or accuracy.  Further research is required to determine if such textual enhancement can reliably reduce the difficulty of a visual search for a target drug name when more than one similar distractor was present.  
General Discussion
Study Limitations
	Although our studies provide interesting results, there are limitations to consider.  First, it should be noted that similarity between drug products includes, but is not limited to, drug name similarity.  There may also be similarities in terms of packaging appearance and similarly named drugs may also have similar strengths and indications (Filik et al, 2006).  Moreover, in addition to time pressure, other situational forces may influence the accuracy with which individuals select drug products, including lighting levels (Buchanan, Barker, Gibson, Jiang & Pearson, 1991) and distractions (Flynn et al, 1996).  The current experiments aimed to assess the impact of the proximity of multiple similar drug names in controlled conditions, with TALL MAN lettering and time pressure the only additional factors included in the analysis.  In order to assess these factors in isolation it was necessary to exclude other factors which may have an impact in a real-life scenario.  But it should be noted that factors other than those assessed here may function as contributory factors to error in situations outside these study conditions.  
It is also possible that the frequency with which the medications utilised within this study are dispensed may have impacted the results for the pharmacy participants, with more frequently prescribed drugs associated with high levels of accuracy (Lambert et al, 2001).  However, the study was not designed to take frequency into account and so we were unable to scrutinise the data for such an effect.  Finally, limited statistical power due to the relatively modest sample size in the two studies (total n = 88) may have restricted the significance of some of the analysis conducted.  A post hoc power analysis conducted using G*Power revealed that on the basis of the within-group comparison effect size observed in study one (0.3) a sample size of approximately 80 would be required to obtain the statistical power at the recommended 0.80 level (Cohen, 1988).  On the basis of the within-group comparison effect size in study two (0.2), a sample size of approximately 176 would be required to obtain the recommended power level.  Despite these limitations our results indicate that the proximity of multiple similarly named drugs increases the risk of drug selection error within a defined visual field and that the efficacy of TALL MAN lettering could be reduced within such a scenario. 
Proximity error
The current study extends the evidence for orthographic similarity effects (Lambert et al. 2003; Lambert et al. 2001; Filik et al. 2006) with the finding that the number of orthographically similar non-targets in close proximity to a target drug name has an adverse effect on selection accuracy and reaction times in both non-pharmacists and pharmacists. This result indicates that the task of selecting a target drug name from within a perceptual array increases in difficulty as the number of similarly named non-targets is increased within a specified visual field.  This provides further empirical evidence for the suggestion that similarity between drug pairs, as a measure of edit distance (describing orthographic and dosage similarities) typically interacts with proximity effects to produce errors in the visual perception of drug names (Anto et al. 2011; Varadarajan, Barker, Flynn & Thomas, 2008).  However, Anto and colleagues (2011) used their findings to suggest that the similarity of drug names is not as an important factor in medication error as other factors such as strength and dosage form. The current findings are somewhat in opposition to that conclusion as they show a set of proximity based errors related to orthographic similarity when drug strength and packaging appearance remain constant within the visual field.  
	Interestingly, the issue of proximity related error is not mediated by experience, as both the pharmacy professionals and the novice participants were adversely affected by the presence of four similar non-targets, despite the pharmacy participants being generally more accurate at the task.  This finding concurs with the prior findings of Lambert et al. (2001) where pharmacy participants were found to be generally more accurate at recalling drug names than student participants but both groups were adversely affected by drug name similarity.  In both cases this difference in accuracy between the two groups can be attributed to experience with drug names on the part of the pharmacy participants.  
Time pressure
Previous behavioural research has shown that both real (Cella, Dymond, Cooper & Turnbull, 2007) and perceived (Dedonno & Demaree, 2008) time pressure has an adverse effect upon task performance.  This has ramifications for the current study since an actual time constraint was imposed and participants were made aware of the time pressure due to the visual cue of the countdown clock.  It is possible that the clock accentuated the effect of the time constraint on the non-pharmacists, perhaps contributing to the significant effect of time pressure, compared with the previously reported null effect of time constraints on simulated dispensing error rate (Schell & Grasha, 2000).  
	Interestingly, the impact of time pressure upon performance appears to be mediated by experience with drug names, since in the current study the performance of pharmacy staff was unaffected by the use of a time constraint.  The reason for this lack of an effect is outside the scope of the current paper, however, it is possible that the experience of pharmacy staff with high workloads (Peterson, Wu & Bergin, 1999; Malone et al, 2007) may have led to them developing coping strategies for drug selection under a time constraint.  Alternatively, it is possible that the time constraint applied was insufficient to hurry the experienced staff members, and thus had no impact on accuracy or reaction time.  To determine the answer to this future research could utilise the NASA task load index (Hart & Staveland, 1988) as a measure of perceived workload in order to ascertain the impact of an imposed time constraint.
TALL MAN lettering
The current findings show a significant multivariate effect for TALL MAN lettering for the pharmacist participants. However, the results of the univariate analysis for both the non-pharmacist and pharmacist participants showed no evidence that TALL MAN lettering confers an advantage for the perception of drug names in comparison to the standard presentation.  
The null univariate result contradicts several studies which report a positive impact of TALL MAN lettering on drug name perception (Filik et al. 2006; 2004; Darker et al, 2011).  However, it should be noted that in much of the earlier research utilising such textual enhancements (Filik et al. 2006; 2004), the authors highlighted the purpose of the TALL MAN lettering, potentially increasing its effect.  Furthermore, in the most recent study of TALL MAN lettering (Darker et al., 2011) the results indicated that the perceptual advantage associated with TALL MAN lettering was also apparent when the drug names were constructed entirely from capitalized letters (Darker et al., 2011).  This indicates that it may not be the accentuation of the dis-similar areas of drug names that improves perception, but rather that capital letters are in themselves easier to perceive than lowercase letters.  It is possible that a stronger effect could have been achieved in the current study if the target drug name had been entirely composed of capital letters. 
Research suggests that, contrary to the proposal that TALL MAN lettering improves word perception, that ‘case-mixing’ where the case of lettering is mixed throughout a word, can actually disrupt perception (Mayall & Humphreys, 1996; Mayall, 2002).  This has been found to be the case for word-naming (Mayall & Humphreys, 1996), lexical decision-making (Besner & McCann, 1987), spelling recognition (Burt & Hutchinson, 2000) in adults (Mayall & Humphreys, 1996) and children (Mayall, 2002).  It is generally considered that case-mixing disrupts the visual codes that are used in word recognition (Mayall, 2002).  This indicates that TALL MAN lettering could, in certain circumstances, constitute visual noise rather than conferring an advantage on the perception of drug names.  Certainly, in the current study, the reaction times of the pharmacy participants (study 2) indicate that the presence of TALL MAN lettering slowed reaction times without any associated increase in accuracy (Table 1), though this adverse effect was not statistically significant.  It is important, therefore, that guidelines for the appropriate use of TALL MAN lettering be developed before applying textual enhancements to a wide range of medications (Emmerton & Rizk).  This is particularly important with regards to the positioning of the TALL MAN lettering within the word; at present (illustrated in the current study) the use of TALL MAN lettering is based on the orthographic similarity of drug names, with the dissimilar areas highlighted (Darker et al, 2011).  However, research indicates that phonological similarity (how a word sounds) can influence the accurate recall of drug names (Lambert, Chang & Lin, 2001).  It is possible therefore that the positioning of TALL MAN lettering to reflect phonetic rather than orthographic similarity may be more beneficial; this may be a consideration for future research.
Finally, cognitive theory indicates that similarity between a target and non-target within a specified visual field increases the chance of selection error (Duncan & Humphreys, 1989; Farmer & Taylor, 1980).  TALL MAN lettering appears to be insufficient to reduce the level of difficulty associated with a visual search of an area containing multiple similarly named and packaged drug products.  Thus, it is possible that proximity effects reduced the previously reported positive effect (Filik et al. 2006) of the TALL MAN lettering. Further research is required to analyse TALL MAN lettering in a variety of conditions to determine the reliability of the effect and that it confers a greater advantage to perception than capitalizing every letter within a drug name.   
Strategies to reduce error
Previous research indicates that the configuration of automated medication dispensing drawers (AMDS) can have a direct impact on the likelihood of look-alike drugs being confused.  The re-configuration of these drawers to ensure that no similar drugs were located in proximity to one another resulted in the prevention of similar drug errors over an observed two year period (Cooper, Barron, Gallagher & Sciarra, 2007).  This indicates that the configuration of medication storage areas can be manipulated to reduce the chance of medication error.  Alternatively, methods to avoid the impact of proximity errors might include the utilisation of a pharmacy robot for selection (Franklin, O’Grady, Voncina, Popoola & Jacklin, 2008) or using bar code technology (Poon, Cina, Churchill, Patel, Featherstone, et al. 2006).  However, further research with professional healthcare participants, such as pharmacists, is required to provide the necessary evidence for practical modifications to the workplace (Darker et al, 2011).  The importance of utilising professional participants is highlighted by the results of the current study, where participants in Study 1 and 2 show different patterns of results, and in past research where the identification of drug names by pharmacists indicates the presence of an internal lexicon specific to medication (Lambert et al, 2003; Darker et al, 2011).    
Conclusion
Similarity between drug names has previously been shown to increase the risk of drug selection error (Lambert et al. 2003).  The studies reported here indicate that the proximity of several similarly named drug products has an adverse impact on selection error within a specified visual field (Wolfe, 1994).  Unlike previous research (Filik et al, 2006) TALL MAN lettering was found to have no effect on the current results.  Moreover, in the case of the professional participants TALL MAN lettering was found to have an adverse effect on reaction times, with no associated improvement in performance.  This illustrates the requirement for further research on textual enhancement as an error reducing strategy.  Overall, pharmacy staff were generally more accurate in the task than the non-pharmacist participants, indicating a mediating effect of experience on drug name perception.
Key Points
	This study examined three factors that might influence accurate perception of drug names – proximity of multiple similarly named drug products, TALL MAN lettering and time pressure.
	Proximity, manipulated through control of the number of similar drug names present within the same visual field as a target drug name, was shown to have an adverse effect upon both accuracy in the selection of a target drug name from a computer screen and reaction times in non-pharmacists and pharmacy staff.
	Time pressure was shown to have an adverse effect on drug name perception in non-pharmacists only.
	The results suggest that TALL MAN lettering may not be effective as an error reducing strategy, particularly when multiple similar drug names are in close proximity to a target, particularly in non-pharmacist participants.  Further research is required to assess the usefulness of TALL MAN lettering in healthcare.
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